Abstract: Monitoring the operation of an isolated photovoltaic (PV) system needs both data loggers and web transfer to collect the sensor data. The data includes the measurement of the voltage and current of the PV system and for local weather. The PV system in Memorial University of Newfoundland (MUN) is 5 m away from the window, where the weather data is collected. In reality, PV systems are approximately 25-50 m away from the weather sensors. It is, therefore, more meaningful to realize the sensor communications by wireless transfer than long cables, which can significantly reduce the cables of a large PV system with long distances among sensors. The PC receives all the sensor data and transfers hem to a web server (Thingspeak). A web server is applied to monitor the operation of the system instead of a local server when its users are far away from the location, even though the local server allows more frequent data logging (once per second). The data transformation between the PC and the web server must guarantee the stability and robustness of the program. The system alarm that reports the disconnection failure is also necessary to notify the users. This paper will first introduce the general system setup, then present each part of the system in detail, and finally, analyze the collected data.
Introduction
For an isolated photovoltaic (PV) system, it is necessary to monitor the system when its users are away from the location. Typically, such systems need data logging and SCADA systems to visualize the collected data for system monitor [1] . Rezk et al. [2] and Sánchez-Pacheco et al. [1] used a data-acquisition device and programmable logic controller (PLC), respectively, as the data loggers. However, PLC devices and data-acquisition devices are too expensive for remote residences. Many low-cost data loggers are designed due to this reason, such as the loggers designed by Munandar and Syamsi [3] , Ramdan et al. [4] , and Hadiatna et al. [5] . All these data loggers are designed based on microcontrollers or FPGAs, which are much cheaper than industrial PLC. Although economic data loggers are presently used for isolated systems, their circuits are very complicated. Thus, a data logging system with an easy circuit design is required.
In addition to circuit design, the sensors in references [1] [2] [3] [4] [5] mainly communicate through cables. Such data logging systems could quickly become disordered and difficult to maintain. Touati et al. [6] solved the problem by using XBee, which is a wireless mesh network. Although the mesh network is reliable for data transmission with a low energy cost, the transmission range of XBee is less than 100 m, which is much shorter than radio frequency transmission [7] . According to Terashimila et al. [8] , radio frequency can achieve reliable communication within 1 km with higher power consumption than XBee. Lora communication can achieve long-range data transfer with lower power consumption than XBee, but its data rate is pretty low [8] . This low data rate can decrease the reliability of the wireless Figure 1 shows the weather data which is first sent to data logger 2 and transmitted to data logger 1 through radio transmission. Then, by serial transmission data logger, 1 sends all the sensor data to a PC. The PC transfers the data to a local USB server and web server (Thingspeak). Since the real overall setup is too large to be included in one picture, the structure for the data logging system is shown in Figures 2 and 3 , respectively. The complete system wiring diagram is shown in Figure 4 . Figure 1 shows the weather data which is first sent to data logger 2 and transmitted to data logger 1 through radio transmission. Then, by serial transmission data logger, 1 sends all the sensor data to a PC. The PC transfers the data to a local USB server and web server (Thingspeak). Since the real overall setup is too large to be included in one picture, the structure for the data logging system is shown in Figures 2 and 3 , respectively. The complete system wiring diagram is shown in Figure 4 . wireless communication that needs a high data rate. Thus, cost-effective and reliable wireless communication is required in data logging systems. In addition to data logging, SCADA programs are often purchased to monitor system operation in industries. However, SCADA programs with high reliability and quality are not accessible for remote residences. Supervising remote systems requires long-distance transmitters and receivers, which increases the complexity and cost of the whole system. In comparison, free online platforms for Internet of Things (IoT), such as Thingspeak, Ericsson, and so on, offer free visualization and download functions for limited measurements from a system [8] . These platforms can be applied as low-cost monitors for remote systems. MATLAB can analyze the operation of these systems. Thus, the data visualization and analysis of the isolated PV system on an IoT platform and MATLAB, respectively, are required for the data logging system.
Overall System Setup
The whole system includes a PV system, weather data logger, PV system data logger, radio transmission and web transfer system on a PC. Its schematic is shown in Figure 1 below. Figure 1 shows the weather data which is first sent to data logger 2 and transmitted to data logger 1 through radio transmission. Then, by serial transmission data logger, 1 sends all the sensor data to a PC. The PC transfers the data to a local USB server and web server (Thingspeak). Since the real overall setup is too large to be included in one picture, the structure for the data logging system is shown in Figures 2 and 3 , respectively. The complete system wiring diagram is shown in Figure 4 . 
PV System
The overall PV system consists of a PV array, maximum power point tracker (MPPT) and battery. The PV array is comprised of two PV panels (each with the 12 V output voltage and 130 W output power) in parallel [9] . The nominal voltage and current of MPPT are 12 V and 30 A respectively. Other detailed information is listed in reference [10] . The nominal voltage of the battery is 12 V, and the nominal capacity of the battery is 105 Ah [11] . The overall PV system is shown in Figure 5 . 
The overall PV system consists of a PV array, maximum power point tracker (MPPT) and battery. The PV array is comprised of two PV panels (each with the 12 V output voltage and 130 W output power) in parallel [9] . The nominal voltage and current of MPPT are 12 V and 30 A respectively. Other detailed information is listed in reference [10] . The nominal voltage of the battery is 12 V, and the nominal capacity of the battery is 105 Ah [11] . The overall PV system is shown in Figure 5 . Figure 5 shows that during daytime, the PV array transforms the solar radiation to electricity through photovoltaic effect, then transmits the electrical power to MPPT. MPPT is a DC-DC converter which is used to reach the maximum power output of the PV array for the given temperature and solar radiation by adjusting the output voltage of the PV array. After the MPPT, the electricity charges the battery and supplies the load. During nights when there is no solar radiation, the output voltage and power of the PV array drops to zero. The blocking diodes at the output of the PV panels prevent the battery discharging during these periods. The PV system in the lab (without PV array) is shown in Figure 6 below. 
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There are two sensor circuits, one for collecting the PV system's data and the other for the weather data. The sections below will discuss the sensors and sensor circuits in detail.
Sensors in PV System
The sensors in the PV system include two current sensors (same version) and two voltage dividers. 
Thus, the real-time measured voltage should be calculated by Equation (2).
The ratio for the PV voltage divider is 6.56, and 4 for the battery voltage divider. The adopted current sensor is ACS712 [12] , which is shown in Figure 8 below. The offset output voltage of the current sensor is 2.5 V, its current range is from −20 A to 20 A and its sensitivity is 180 mV/A. Other detailed data of the current sensor is shown in [12] . The testing results of the current sensor measuring PV output current and the current sensor measuring the battery input current are shown in Table 1 and Table 2 , respectively: 
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The ratio for the PV voltage divider is 6.56, and 4 for the battery voltage divider. The adopted current sensor is ACS712 [12] , which is shown in Figure 8 below. The offset output voltage of the current sensor is 2.5 V, its current range is from −20 A to 20 A and its sensitivity is 180 mV/A. Other detailed data of the current sensor is shown in [12] . The testing results of the current sensor measuring PV output current and the current sensor measuring the battery input current are shown in Table 1 and Table 2 , respectively: The offset output voltage of the current sensor is 2.5 V, its current range is from −20 A to 20 A and its sensitivity is 180 mV/A. Other detailed data of the current sensor is shown in [12] . The testing results of the current sensor measuring PV output current and the current sensor measuring the battery input current are shown in Tables 1 and 2 , respectively: Similarly, the real-time value of the current should be calculated by Equation (3) below.
Sensors for Weather Data
Collected weather data includes the data of solar radiation and temperature. The light dependent resistor is PDV-P8103. Its sensitivity (lg(R100) − lg (R10)/lg(E100) − lg(E10)) is 0.75, and its typical performance is shown in Figure 9 . Other detailed data are shown in reference [13] . The complete circuit of the solar sensor is shown in Figure 10 . Similarly, the real-time value of the current should be calculated by Equation (3) below.
= 38.51 − 13.32 (A)
Collected weather data includes the data of solar radiation and temperature. The light dependent resistor is PDV-P8103. Its sensitivity (lg(R100) − lg (R10)/lg(E100) − lg(E10)) is 0.75, and its typical performance is shown in Figure 9 . Other detailed data are shown in reference [13] . The complete circuit of the solar sensor is shown in Figure 10 . According to the given data and the performance curve of the light dependent resistor, the solar radiation is calculated by Equation (4) 
The adopted temperature sensor is tmp36. Its offset output voltage is 0.5 V, its output voltage scaling is 10 mV/°C, and its output voltage at 25 °C is 750 mV. Other detailed data are in Reference [14] . The real-time temperature is calculated by Equation (5) 
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Radio Communication System
The radio communication system is used to transmit data between data logger 1 and data logger According to the given data and the performance curve of the light dependent resistor, the solar radiation is calculated by Equation (4) below.
The adopted temperature sensor is tmp36. Its offset output voltage is 0.5 V, its output voltage scaling is 10 mV/ • C, and its output voltage at 25 • C is 750 mV. Other detailed data are in Reference [14] . The real-time temperature is calculated by Equation (5) below.
The radio communication system is used to transmit data between data logger 1 and data logger 2. The radio transmission system is built based on 2 LS-U1000 RF modules with RS232 interface. Either LS-U1000 RF module can be the transceiver or receiver without programming. The RS232-TTL interface boosts the digital signals in the TTL level (0-5 V) from one data logger to RS232 level (±8.5 V). LS-U1000 RF circuit modulates the boosted signal to the electric current and sends it to the transceiver antenna, which transforms the electric current into radio waves. The receiving antenna (conductor) then converts the radio wave into electric wave (current). Then, the receiver (LS-U1000) transforms the current into digital signals, and sends it to another data logger through RS232-TTL interface. The overall communication system is shown in Figure 11 . transceiver antenna, which transforms the electric current into radio waves. The receiving antenna (conductor) then converts the radio wave into electric wave (current). Then, the receiver (LS-U1000) transforms the current into digital signals, and sends it to another data logger through RS232-TTL interface. The overall communication system is shown in Figure 11 . Since LS-U1000 communicates with other devices by RS232 protocol, the RS232-TTL interface circuit is needed to boost the TTL-level (0-5 V) signals from the data loggers up to RS232 level (± 8.5 V), or level down the RS232-level signals to TTL level to the data loggers. Otherwise, the signals in the RS232 level may destroy the data loggers. The detailed design of the RS232-TTL interface circuit is described in section 5 below.
RS232-TTL Interface
MAX232 is the foundation of the RS232-TTL interface. The interface uses a capacitive voltage generator to supply RS232 voltage level [5] . It has two receivers and two transceivers. Each receiver levels down the RS232 level signals to TTL level and each driver boosts up the TTL level signals to RS232 level. Other detailed data are shown in reference [15] . Since the interface circuits for transmitter and receiver are equally similar, the only one-side interface circuit is shown in Figure 12 below. Figure 12 shows that the output signal (TTL level) from pin 11 of one Arduino board is transmitted to the input of MAX232's driver #1. The output signals from driver #1 are then boosted up to RS232 level and sent to LS-U1000, which transforms the signal to electric current and sends it to the antenna. The antenna converts the electric wave into a radio wave, which is then received by receivers and converted into TTL-level signals to the other Arduino logger. Since LS-U1000 communicates with other devices by RS232 protocol, the RS232-TTL interface circuit is needed to boost the TTL-level (0-5 V) signals from the data loggers up to RS232 level (±8.5 V), or level down the RS232-level signals to TTL level to the data loggers. Otherwise, the signals in the RS232 level may destroy the data loggers. The detailed design of the RS232-TTL interface circuit is described in Section 5 below.
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MAX232 is the foundation of the RS232-TTL interface. The interface uses a capacitive voltage generator to supply RS232 voltage level [5] . It has two receivers and two transceivers. Each receiver levels down the RS232 level signals to TTL level and each driver boosts up the TTL level signals to RS232 level. Other detailed data are shown in reference [15] . Since the interface circuits for transmitter and receiver are equally similar, the only one-side interface circuit is shown in Figure 12 below. Figure 12 shows that the output signal (TTL level) from pin 11 of one Arduino board is transmitted to the input of MAX232's driver #1. The output signals from driver #1 are then boosted up to RS232 level and sent to LS-U1000, which transforms the signal to electric current and sends it to the antenna. The antenna converts the electric wave into a radio wave, which is then received by receivers and converted into TTL-level signals to the other Arduino logger. Figure 12 shows that the output signal (TTL level) from pin 11 of one Arduino board is transmitted to the input of MAX232's driver #1. The output signals from driver #1 are then boosted up to RS232 level and sent to LS-U1000, which transforms the signal to electric current and sends it to the antenna. The antenna converts the electric wave into a radio wave, which is then received by receivers and converted into TTL-level signals to the other Arduino logger.
Programs in Arduino Boards and Python Script

Program of Arduino Boards (Data Loggers)
Arduino boards collect sensor data, calibrate it and send it to the PC for further processing. Before this process, data logger 2 has to receive the sensor data collected by data logger 1. Synchronization is thus needed between these two data loggers, to obtain the accurate real-time measurement of solar radiation and temperature from data logger 1. The flow charts of the program of these two data loggers are shown in Figures 13 and 14 Synchronization is thus needed between these two data loggers, to obtain the accurate real-time measurement of solar radiation and temperature from data logger 1. The flow charts of the program of these two data loggers are shown in Figures 13 and 14 below. Figure 14 shows that data logger 2 not only collects the PV system's data (current and voltage) but also receives the weather data from data logger 1 ( Figure 13 ) through radio transmission. After setting up the serial and software serial port that transmits data to the PC and data logger 1, data logger 2 flushes the serial buffer to send the most recent data to the PC. After flushing the serial port connected with the PC, it checks the overflow of the software serial buffer, which guarantees that data logger 2 receives the most recent data from logger 1. Then, data logger 2 sends the start signal 's' to data logger 1, and then both loggers begin collecting sensor data. This process includes Figure 14 shows that data logger 2 not only collects the PV system's data (current and voltage) but also receives the weather data from data logger 1 ( Figure 13 ) through radio transmission. After setting up the serial and software serial port that transmits data to the PC and data logger 1, data logger 2 flushes the serial buffer to send the most recent data to the PC. After flushing the serial port connected with the PC, it checks the overflow of the software serial buffer, which guarantees that data logger 2 receives the most recent data from logger 1. Then, data logger 2 sends the start signal 's' to data logger 1, and then both loggers begin collecting sensor data. This process includes initializing variables and collecting and calibrating data. After processing the sensor data, data logger 2 waits for the data from data logger 1. Once the data logger 2 senses the data from data logger 1, it will send all the sensor data to the PC and start the next loop after 20 s; otherwise, it will directly start the loop after sleeping 20 s. 
Python Program on PC
The python program receives and processes the data from logger 2 back to real-time measurements, then transmits them to the Thingspeak server and a local hard drive. However, for long-time data transfer, the structure of the program should be strengthened to prevent it from being stopped by small errors. The program firstly initializes the serial communication with data logger 2, 
The python program receives and processes the data from logger 2 back to real-time measurements, then transmits them to the Thingspeak server and a local hard drive. However, for long-time data transfer, the structure of the program should be strengthened to prevent it from being stopped by small errors. The program firstly initializes the serial communication with data logger 2, the URL transmission with the Thingspeak server and data storage on the local USB drive. Then, it checks the dataset from data logger 2 at the serial port. If it exists, the program decodes it to string from binary mode; otherwise, it loops back to check the dataset. If there is no error during decoding, the program extracts each data (solar radiation, temperature, battery's current and voltage, and PV array's current and voltage) from the dataset; otherwise, the dataset becomes empty, and the subsequent data will also be empty. The program then checks the availability of each extracted data (no matter if it is empty or not) and transforms unavailable data to empty data. Then, the data (whether it is empty or not) is transformed from string to float data and processed to real-time measurements according to Equations (2)-(5). Next, the program checks the availability of URL transmission, posts the real-time data to the Thingspeak server if the transmission is available, and then transforms the data to the USB storage; otherwise the program sleeps 5 s before the next step, in which the program saves the sensed data and measurement time to a local USB drive. Then, another cycle of the program begins after 5 s' sleep and flushes the serial buffer again. The detailed flow chart of the program is shown in Figure 15 below. (no matter if it is empty or not) and transforms unavailable data to empty data. Then, the data (whether it is empty or not) is transformed from string to float data and processed to real-time measurements according to Equations (2)- (5). Next, the program checks the availability of URL transmission, posts the real-time data to the Thingspeak server if the transmission is available, and then transforms the data to the USB storage; otherwise the program sleeps 5 s before the next step, in which the program saves the sensed data and measurement time to a local USB drive. Then, another cycle of the program begins after 5 s' sleep and flushes the serial buffer again. The detailed flow chart of the program is shown in Figure 15 below. 
Data Visualization and Analysis
Basic Settings on Thingspeak Server
Thingspeak is an open online platform to collect, analysis and act on sensor data [16] . To fully visualize all the collected data, six fields are set up. Field 1 is set up for the battery voltage, field 2 for battery current, field 3 for PV voltage, field 4 for PV current, field 5 for solar radiation and field 6 for temperature. The message of connection failure is set to send to users' Twitter account to alarm the users (shown in Figure 16 ). 
Data Visualization and Analysis
Basic Settings on Thingspeak Server
Data Visualization
The data are collected every 30 s for 16 days. The long-time testing proves that the overall system can achieve long-time robust data log and transfer. One day's data on Thingspeak are shown in Figures 17-19 . 
The data are collected every 30 s for 16 days. The long-time testing proves that the overall system can achieve long-time robust data log and transfer. One day's data on Thingspeak are shown in Figures 17-19 . Figure 18 shows that the temperature is also proportional to solar radiation. Please note that the solar radiation is not equal to the radiation received by the PV array. That is caused by the shadow from the infrastructure near the light resistor (shown in Figure 20) . Figure 18 shows that the temperature is also proportional to solar radiation. Please note that the solar radiation is not equal to the radiation received by the PV array. That is caused by the shadow from the infrastructure near the light resistor (shown in Figure 20) . Figure 18 shows that the temperature is also proportional to solar radiation. Please note that the solar radiation is not equal to the radiation received by the PV array. That is caused by the shadow from the infrastructure near the light resistor (shown in Figure 20) . All collected sensor data are shown in Figure 21 below. Figure 21 shows that the voltage and current of the battery and PV array and the temperature are proportional to solar radiation. The PV array begins to receive solar radiation and charge the battery around 6:00 a.m. every day. Simultaneously, the output voltage of PV array resumes to 20 V from 0 V, and its output current begins to increase to a positive value. Due to one night's discharge, the capacity of the battery drops. Moreover, MPPT starts its functions. During 5:00 a.m. to 8:00 a.m., MPPT increases its output voltage (battery voltage) to track PV array's maximum output power, which also increases the battery current and PV current until the battery is fully charged. The current and voltage of the system, then, keeps constant for the rest of the daytime. Around 8:00 p.m. solar radiation declines to a specific value when the output voltage and current of the PV array begins to decrease. At the same time, the power from the PV array is not enough to compensate for the self-discharge energy of the battery, so the voltage and current of the battery also decrease. During the night without solar radiation, the output voltage of the PV array becomes zero, so do the output current of the PV array and MPPT. The output voltage of MPPT is equal to the battery voltage during the same period since the blocking diode of the PV array and the power electronic device of MPPT block the electrical connection between the PV array and battery. Both Figures 18 and 21 show that there are some interruptions in the temperature measurement on the last day. This fault is caused by an unreliable temperature-measurement circuit, which needs to be improved in future research. Figure 21 shows that the voltage and current of the battery and PV array and the temperature are proportional to solar radiation. The PV array begins to receive solar radiation and charge the battery around 6:00 a.m. every day. Simultaneously, the output voltage of PV array resumes to 20 V from 0 V, and its output current begins to increase to a positive value. Due to one night's discharge, the capacity of the battery drops. Moreover, MPPT starts its functions. During 5:00 a.m. to 8:00 a.m., MPPT increases its output voltage (battery voltage) to track PV array's maximum output power, which also increases the battery current and PV current until the battery is fully charged. The current and voltage of the system, then, keeps constant for the rest of the daytime. Around 8:00 p.m. solar radiation declines to a specific value when the output voltage and current of the PV array begins to decrease. At the same time, the power from the PV array is not enough to compensate for the selfdischarge energy of the battery, so the voltage and current of the battery also decrease. During the night without solar radiation, the output voltage of the PV array becomes zero, so do the output current of the PV array and MPPT. The output voltage of MPPT is equal to the battery voltage during the same period since the blocking diode of the PV array and the power electronic device of MPPT block the electrical connection between the PV array and battery. Both Figures 18 and 21 show that there are some interruptions in the temperature measurement on the last day. This fault is caused by an unreliable temperature-measurement circuit, which needs to be improved in future research.
Data Analysis
The battery is near fully charged all the time, and the measurement of solar radiation is frequently disturbed by the shadow of the infrastructure mentioned in section 6.2. Thus, it is not reliable to check the operation of the PV array based on the collected data. This section only describes the efficiency and daily energy supply of the MPPT in MATLAB based on the data collected on the Thingspeak server. The flow chart of data-analysis program in MATLAB is shown in Figure 22 below. 
The battery is near fully charged all the time, and the measurement of solar radiation is frequently disturbed by the shadow of the infrastructure mentioned in Section 6.2. Thus, it is not reliable to check the operation of the PV array based on the collected data. This section only describes the efficiency and daily energy supply of the MPPT in MATLAB based on the data collected on the Thingspeak server. The flow chart of data-analysis program in MATLAB is shown in Figure 22 below. Figure 22 shows that the efficiency and output power of MPPT are initialized as two 1 × 44,014 arrays. Each element of arrays result from the process of each loop. When there is no solar radiation, the output current, and input current of MPPT sometimes are less than zero due to battery discharge, and the MPPT stops functioning during this time. Thus, in each loop, if any current is less than zero, the efficiency is set to zero. Because of the measurement error of current and voltage, the efficiency is sometimes equal to or larger than 1. The maximum efficiency of the MPPT is then set to 0.98. After efficiency calculation, the program calculates the daily energy supply from the 1st to 15th day every 2880 loops, and the daily energy of the 16th day is calculated by subtracting the supplied energy in the previous 15 days from the total energy provided after the loop. The output power and efficiency of the MPPT are shown in Figure 23 . Figure 23 shows MPPT's efficiency during the morning and evening which is the largest during each day. After discharging for one night, the voltage and capacity of the battery are the lowest of the day. The solar radiation during this time is also small, MPPT operates in high efficiency to gain maximum power from the PV array to charge the battery. Similarly, during the evening when solar radiation becomes a shallow level, MPPT operates in high efficiency to extract maximum power from the PV array to compensate for the self-discharge power of the battery. Due to higher solar radiation during the rest of the daytime, MPPT's efficiency is relatively lower. Therefore, the power output of the PV array is limited, which protects the battery from overcharging. The energy charged to the battery each day is shown in Figure 24 below. arrays. Each element of arrays result from the process of each loop. When there is no solar radiation, the output current, and input current of MPPT sometimes are less than zero due to battery discharge, and the MPPT stops functioning during this time. Thus, in each loop, if any current is less than zero, the efficiency is set to zero. Because of the measurement error of current and voltage, the efficiency is sometimes equal to or larger than 1. The maximum efficiency of the MPPT is then set to 0.98. After efficiency calculation, the program calculates the daily energy supply from the 1st to 15th day every 2880 loops, and the daily energy of the 16th day is calculated by subtracting the supplied energy in the previous 15 days from the total energy provided after the loop. The output power and efficiency of the MPPT are shown in Figure 23 . Figure 24 shows that the energy supplied to the battery is very low on the 16th day since the lab manager stopped the system in the middle of the 16th day. Except for that, the generated energy in other days is very even due to the stable weather over these 16 days. Figure 23 shows MPPT's efficiency during the morning and evening which is the largest during each day. After discharging for one night, the voltage and capacity of the battery are the lowest of the day. The solar radiation during this time is also small, MPPT operates in high efficiency to gain maximum power from the PV array to charge the battery. Similarly, during the evening when solar radiation becomes a shallow level, MPPT operates in high efficiency to extract maximum power from the PV array to compensate for the self-discharge power of the battery. Due to higher solar radiation during the rest of the daytime, MPPT's efficiency is relatively lower. Therefore, the power output of the PV array is limited, which protects the battery from overcharging. The energy charged to the battery each day is shown in Figure 24 below. Figure 24 shows that the energy supplied to the battery is very low on the 16th day since the lab manager stopped the system in the middle of the 16th day. Except for that, the generated energy in other days is very even due to the stable weather over these 16 days.
Conclusion
This paper has presented the design of data logger, data storage and data visualization system, all circuit details, all logged data and fundamental data analysis. The designed system performed Figure 23 shows MPPT's efficiency during the morning and evening which is the largest during each day. After discharging for one night, the voltage and capacity of the battery are the lowest of the day. The solar radiation during this time is also small, MPPT operates in high efficiency to gain maximum power from the PV array to charge the battery. Similarly, during the evening when solar radiation becomes a shallow level, MPPT operates in high efficiency to extract maximum power from the PV array to compensate for the self-discharge power of the battery. Due to higher solar radiation during the rest of the daytime, MPPT's efficiency is relatively lower. Therefore, the power output of the PV array is limited, which protects the battery from overcharging. The energy charged to the battery each day is shown in Figure 24 below. Figure 24 shows that the energy supplied to the battery is very low on the 16th day since the lab manager stopped the system in the middle of the 16th day. Except for that, the generated energy in other days is very even due to the stable weather over these 16 days.
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Conclusions
This paper has presented the design of data logger, data storage and data visualization system, all circuit details, all logged data and fundamental data analysis. The designed system performed well during the test period of 16 days. Thus, this open-source and low-cost data logger can replace commercial data loggers and monitor the operation of isolated PV systems. Issues faced during data logging and design are also described in this paper, such as the solar radiation block from nearby infrastructure, uncalibrated solar radiation, and temperature sensor circuits, unexpected interruption and so on. More detailed data analysis of the PV array's operation will be presented in future research after fixing the issues discussed above.
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